Abstract. The failure mode of surrounding rock of shallow buried multi-arch tunnel was an important content of stability analysis of multi-arch tunnel. Through systematic theoretical study, three-dimensional geo-mechanics model test and field monitoring sample comprehensive means, based on the Hoek-Brown criterion, the numerical analytical solution of the failure mode of surrounding rock of shallow buried continuous arch tunnel was established by the plastic limit analysis, and the three-dimensional geo-mechanical model of the failure mode of the surrounding rock of shallow buried continuous arch tunnel under 3 kinds of excavation methods was studied. Through the field test, the failure mode of shallow buried multi arch tunnel was obtained, and the design theory of shallow buried multi-arch tunnel was improved.
Foreword
The failure mode of tunnel surrounding rock was an important content in study the stability of tunnel, and it was the theoretical basis of tunnel construction and support, which was also the main subject of long study in tunnel engineering. Early in the last century, there was a theory of the precollapse of deep buried tunnels, and then the Tesaki failure mode was used to analyze the stability of the shallow tunnel. These were all empirical models, mainly to determine the pressure of the tunnel surrounding rock, and to provide a reference for the design of tunnel support. With the improvement of the theory of rock mass, the failure of tunnel surrounding rock began to develop in recent years. Especially with the application of computer, the analysis of the failure mechanism of tunnel surrounding rock, such as finite element, finite difference and boundary element method, was popular with the application of computer.
Project Overview
The Great Wall highway tunnel, which belongs to the Qingzhou to Linshu Expressway in Shandong section, was the key control project of the national expressway network Changchun to Shenzhen Expressway in Shandong province, which was the ultra-short tunnel of the two-way six lane continuous arch highway, with a length of 75 meters, of which the dug section was 30 meters Limited to the topographic conditions of the tunnel on both sides of the tunnel, the tunnel adopts the form of multi arch tunnel structure, design and stop mileage K70+940 to K71+015, and the length of the tunnel was 75m. In order to facilitate the construction, slope cutting and Ming tunnel were adopted on both sides. In order to protect the relics of ancient of the Great Wall, the dark excavation method was adopted and the length was 30m. Due to the geographical location of the tunnel, the terrain conditions and the width limit of the central separation zone of the whole subgrade, the tunnel adopts the form of integral straight middle wall, the whole span of the excavation was 33.97m, the single hole section was designed for the curved wall type three heart circle, the single hole net span was 14.75m. The tunnel was located at the erosion hilly terrain, the height of the import and export was about 289.30~300.90m, the tunnel site was developed by the terrain gully, and the maximum depth of the tunnel was about 5m. The tunnel contour was shown in Fig.1 . 
Analysis of Failure Mode Theory
With the development of the theory of rock mechanics in recent years, the failure mode of surrounding rock of shallow tunnels has been gradually established using the limit analysis theory. At present, the upper and lower limits of limit analysis adopted for the study of the stability of surrounding rock of shallow tunnels were all based on pre-construction. Based on the speed field of motion permission and the stress field of static permission, the upper limit method was mostly used. It was an effective method to study the stability of surrounding rock of shallow tunnel using finite analysis upper and lower bound finite element method. However, under complex conditions, it was very difficult to construct the failure mode. Therefore, it was mainly to construct a reasonable failure mode that was the limit. The premise and key of the analysis of the upper limit method were still relatively small. Assuming that the failure mode was composed of a rigid slider system, the corresponding velocity field can be easily determined by using the speed compatible conditions and the plastic flow rule. The failure mode reflects the basic characteristics of the destruction, and a series of geometric parameters determine its specific geometry.
The traditional criterion for rock mechanical strength was the Mohr-coulomb strength criterion. The Mohr-Coulomb strength criterion shows a linear correlation between plane and plane. However, a large number of rock mechanics experiments show that due to the complexity and uncertainty of rock mass deformation sexuality, and even rheological properties, the strength envelope of rock masses should be parabolic in shape and non-linear. However, these mechanical properties cannot be described by the Mohr-coulomb strength criterion. In view of the defects and deficiencies of the Mohr-Coulomb strength criterion, E. Hoek and E.T. Brown proposed in 1980 a dimensionless equation related to geological parameters to evaluate the quality of rock masses. Hoek-Brown generalized criterion was shown in Fig.2 . The Hoek-Brown strength criterion can describe the non-linear damage properties of various types of rock mass more comprehensively and concretely, and can better explain the general laws of rock mass destruction, and has achieved great application and promotion in the field of geotechnical engineering.
Geo-mechanical Model Test
The overall size of the model test platform was: length × width × height = 450cm × 150cm × 200cm, according to the experimental geometric scale 1:30, the main simulation of the Changchengling multi-arch tunnel site engineering range was length × width × height = 135m × 45m × 60m. The test bench effect diagram was shown in Figure 3 . The length of 30m of the excavation section of the Great Wall Ridge tunnel was used in the middle 100cm range.
. Through extensive experiments on IBSCM geotechnical similar materials, fine iron powder, barite powder, quartz sand, gypsum powder, primary rosin, and medical alcohol with a concentration of 99% were selected as experimental materials. Iron powder, barite powder and quartz sand as the main aggregate, rosin and alcohol solution as cement, gypsum powder as the regulator. Multi proportioning specimens of similar materials was shown in Fig.4 . From the stress change, we can find the line in the overburden surrounding the tunnel. The surrounding rock was in the plastic state and was in the line of the side wall and the arch bottom. The maximum tangential stress was greater than the original initial stress, which can be based on At the location, a sketch map of the plastic zone of the tunnel was depicted, in which section A of the survey line corresponds to the CRD1 excavation plan. Similarly, according to a similar analysis, a plastic zone corresponding to the CRD2 excavation plan at section B can be obtained. The failure mode corresponding to the CD and other two excavation scheme were shown in 
Field Monitoring Test
The vertical drilling was performed on the surface and measurements were made using a deformation resistivity method to study the loose deformation of overlying surrounding rock during the construction of the tunnel. Considering the on-site construction conditions and the influence of surface drilling on the construction, the survey selected the critical section near the drilling layout. As shown in the Fig 6, a total of 5 vertical drillings were drilled on the two sides of the tunnel, with two vaults and on the middle of the partition wall, the depth of the dome was 60cm, and other holes were 30cm. The monitoring data can be used to obtain a low resistivity in the range of 0-1.4 m, which can be used to judge the looseness of the rock mass within the stratum; the resistivity value of the surrounding rock within the range of 1.4-4.0 m was high, and it can be judged that the strata within the strata were denser. The excavation disturbance was small; the surrounding rock in the range of 4.0-6.0 m (that is, 3.0-5.0 m on the side of the middle wall) has abnormally low electrical resistance, which indicates that the area has significant cracks and there were obvious cracks. Combined with the excavation of the tunnel, the middle wall was described. The surrounding rock was disturbed by the excavation and the surrounding rock was relatively broken.
Conclusion
Using the Hoek-Brown strength criterion, it was possible to describe the non-linear failure properties of various types of rock masses in a comprehensive and concrete manner, which can better explain the general laws of rock mass failure, and the limit of the shallow tunnel collapse model based on the Hoek-Brown strength criterion. Analytical methods, through the three-dimensional geo-mechanical model of the failure mode of the surrounding rock of shallow buried continuous arch tunnel under 3 kinds of excavation methods was studied. Combined the field test, the failure mode of shallow buried multi-arch tunnel was proved.
